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Abstract
Background: Masticatory impairment impacts both oral health as well as general health. Selfperceived chewing ability can be a tool to assess denture satisfaction, food choices and quality
of life. Objective: To describe the perceived chewing ability with or without use of dentures in
adults of different ages and implications in food choices. Methods: Administration of a 20question survey to adult patients at the Advanced Education in General Dentistry (AEGD)
residency clinic at the University of Connecticut School of Dental Medicine. Results: Chewing
ability and food choices were significantly impacted by denture status (p = 0.015). Denture
status was significantly associated with education (p=0.043). Perceived chewing ability was not
associated with age. Conclusion: Denture status impacted chewing ability. Denture wearers
presented increased difficulty chewing vegetables, fruits, meat and breads. Limited food choices
could potentially impact their health. Education was significantly associated with denture status.

vii

Introduction
The oral cavity is the entryway for nutrient intake and the primary function of teeth is
mastication.1 One of the most immediate and important functional consequences of many oral
disorders is a reduction in chewing ability.2 The impact of the oral health status on daily life
activities and the relationship between oral health and quality of life it is often not recognized by
the population. 3–5
Older adults seem to be more at risk of masticatory impairments due to partial or complete
tooth loss.

4,6–8

Epidemiological studies show that persons of decreased socio-economic status

and individuals with lower educational level regardless of age are more likely to have less teeth
and therefore, masticatory impairment.

10

Studies also show that dental status in elders was

associated with diminished perceived ability to eat a number of foods. 7,9
There are many factors that can potentially influence food choice, such as socio-economic status, cultural beliefs and personal preference. 9,11,12 However, the physical ability to bite
9,13

Tooth loss and masticatory impairment would limit food

9,14–16

Moreover, the fabrication of removable dental prosthetic

and chew is also very important.
choices and variety in the diet.

appliances (dentures) aims to restore masticatory function. 17 The ability to chew is not only an
important dimension of oral health, but it is increasingly recognized as being associated with
general health status.

14,18,19

Self-perceived chewing ability can be a tool to assess denture

satisfaction, food choices and quality of life 5,20.
The public health question that will be addressed with this research is the relationship
between perceived chewing ability in adults with or without dentures at different ages and the
implications for food choices.

1

Background
Complete adult dentition consists of 32 teeth including the wisdom teeth.

Partial

edentulism is defined as the absence of some but not all of the natural teeth in a dental arch.

21

Edentulism refers to the complete absence of teeth and is considered a disability by the WHO in
the latest International Classification of Functioning, Disability and Health (ICF).

22

More

commonly, edentulism is the result of permanent tooth extraction in adulthood, which may or
may not be due to caries, periodontal disease, trauma or other orofacial pathology. 23 Consensus
among clinicians is that the larger the number of teeth retained, the better the chewing ability
maintained. 24
Chewing is considered the most important function of the stomatognathic system and
indicates the ability to crush, grind and mix food with saliva, as well as the ability to form the
bolus.

25

Thus, the act of chewing creates a relation of inter- dependence with nutrition.

26

In

conceptual models of oral health, it is described how oral disorders or diseases will lead to five
outcomes: impairment, functional limitation, pain/discomfort, disability and handicap. 27,28 Oral
health diseases, including tooth loss, engross a complex set of variables including behavioral,
environmental and social factors. Understanding these factors is key to develop high quality
interventions that address the problem and improves the overall health of the population. 29
Adults with fewer than 20 natural teeth have worse oral health related quality of life
(OHRQL) than those with 20 teeth or more.

17

The World Dental Federation and WHO have

proposed that adults should have at least 20 natural teeth for proper masticatory function. 8,10 The
overall prevalence of edentulism in the general adult population in the US is 25% individuals over
65 years of age. 10 The older adult population appears to be more at increased risk for tooth loss.
30,31

2

Tooth loss is a worldwide public health issue, especially in low and middle-income
countries. It has been comprehensively demonstrated that social, economic and environmental
factors have a fundamental impact on oral health.

32

Theoretical approaches for oral health

understanding and interventions explore the relationship between the social environment and
health, hence, working towards the development of public health action on altering the underlying
social determinants of health. 33 Oral health is associated with social determinants of health such
as education, income and also in differences in opportunity, behaviors and beliefs.

34

The

perceived masticatory ability appears to be related to dental status, denture quality, general health
and a variety of personal determinants such as physiologic, social, economic, and psychological
factors. 35
Masticatory impairment impacts both dental health as well as general health.

2,16,36,37

Disfunction in chewing ability is perceived as a serious oral health impairment, and has been
found to be related to many other oral health problems when assessed with broad concepts such
as Oral Health-Related Quality of Life (OHRQoL). 2 Tooth loss is associated with general health
conditions such as blood pressure, obesity and a potential risk factor to cardiovascular disease.
12,37,38

Furthermore, it has been recognized that patients’ perceptions of their oral health are

important in evaluating well-being and determining health care outcomes. 39
Dentures
Restoration of partial and complete tooth loss is managed through treatments that involve
fixed bridges, implant-supported removable dental prostheses, removable partial (RPD) and
complete dentures (CD).17,22 Implants are artificial root like screws inserted in the bone to provide
stability for crowns, bridges or dentures.

40

An implant-supported overdenture is a removable

complete denture combined with implants designed to improve stability in the oral environment.

3

41

This type of oral rehabilitation offer the possibility of overcoming some of the functional

limitations of regular dentures. 42
Removable dentures are particularly frequent in developed nations. Some countries report
that one-third to half of the older people wear full dentures while up to three-quarters wear
removable full and/or partial dentures.

10

The prevalence of removable dentures shows

considerable variation by socio-economic status the rates are high among the socio-economically
disadvantaged. 43
Various studies have assessed the effectiveness of different treatment options for the
rehabilitation of edentulism. There are stablished standard criteria to evaluate dentures which
include: retention, stability, speech, masticatory efficiency, comfort while eating food, confidence
in intimate situations, satisfaction, and self-esteem. 22 Oral rehabilitation following total or partial
tooth loss has also been shown to lead to significant improvement in quality of life. 17
Although dental prostheses are an artificial substitute for the teeth and may perform a
similar function, the use of dental prostheses and/or unadjusted prostheses might not provide the
patient with comfort and a satisfactory masticatory function. 26 Wearing dentures could be a factor
influencing specific dietary patterns as well.

It has been reported that chewing ability is

compromised with the use of dentures. In a comparison of people with replaced teeth and with
natural teeth, persons with tooth replacement showed higher rates for chewing problems. 15
Chewing Ability, Food Choices and Dietary Implications
Dietary choices are the consequence of a wide array of factors such as social and cultural
background, financial resources, food security, time, taste preference, transportation, knowledge
and skills.

44

Nonetheless, the presence of adequate functional natural teeth may influence

nutrition and health by affecting the way food is prepared, as well as by affecting food choices. 9

4

When fewer natural teeth are present, older adults tend to develop food choice habits based around
foods that are softer and easier to chew. These soft foods are often low in nutrients and fiber but
high in calories and carbohydrates. 11
Adults with masticatory disfunction may have poor diet quality due to limitations on their
choice of foods. 14,45 The dietary pattern in persons with chewing difficulty tends to include foods
that are soft and easy to masticate, which often contain a higher concentration of sugar and fat. 12
These food choices may increase the risk for chronic diseases such as diabetes and hypertension.
39,46

Individuals with impaired masticatory ability have been reported to avoid foods that are

difficult to chew, including raw vegetables or fruits, well-done meats and dried breads.

9,12,47

Adequate intake of raw fruits and vegetables constitute sources of fiber and vitamins that have
been related to prevention of diabetes, cardiovascular disease, cancer and other systemic
conditions. 18,36,48
A study in dentate and edentulous participants showed that perceived chewing ability
increased with increasing number of teeth. 9 Perceived chewing ability and avoidance of dry solid
foods, such as bread, were related to the number of molar tooth pairs in the study of older adults.16
Lee at al1 surveyed 954 subjects in Taiwan and reported that poor nutritional status and quality of
life were found in persons with poor self-perceived chewing ability.

1

Moreover, self-reported

assessment of chewing ability has been shown to be simple, informative, and valid. 24,49
Chewing ability has been found to be closely correlated to the number of residual teeth,
but a loss of up to seven teeth did not seem to entail an assessment of impairment.50 Samnieng et
al16 reported that fewer number of teeth was significantly associated with limited food choices in
older participants. Consequently, limited food choices increased the risk of malnutrition. A study
of 83,104 women concluded that those with fewer teeth have unhealthier diets with decreased

5

intake of fruits and vegetables, thus increasing risk for cardiovascular disease. 36 Another study
conducted in the UK concluded that adults with considerable tooth loss (possessing less than 20
teeth) but who did not have recourse to a denture were among those with the poorest oral healthrelated quality of life in the population after controlling for socio-demographic factors. 51
According to the observations of Agerberg & Carlsson50 in 1981, one- fourth of the
complete denture wearers in their study reported that they could not chew all sorts of food. Adults
and older adults who wear unadjusted prostheses prefer foods with a softer consistency and have
a higher prevalence of experiencing inadequate chewing. 26 Goel et al52 found that consumption
of fruits, vegetables, and salads increased after rehabilitation with dentures and the improvement
in diet was highest in rehabilitated completely edentulous participants.
Allen and Mc Millan42 reported that patients who had problems with dentures and who
received implant prostheses showed improved chewing ability and food selection. However, a
number of patients who received implant prostheses did not change their food selection.42 Their
findings suggested that, in the absence of dietary counseling, apparently successful prosthetic
rehabilitation does not necessarily result in a satisfactory diet.
Most studies about chewing ability have only focused on older adult population.

4,9,14,53

Iwasaki et al30 studied 80-year-old adults in Japan and described how dietary intake was poorer
in those with self- perceived ill-fitting dentures. Although, it seems like older adults would be at
risk for masticatory impairment, the actual relationship of perceived chewing ability and food
choices at different ages has not been properly explored. Furthermore, detection of oral health
problems related to chewing ability can help to assist oral health care providers in preventing and
addressing chewing difficulties by identifying the factors associated with impaired oral
function.20

6

Specific Aims
The research objectives for the study were to determine if the perceived chewing ability
varies with or without use of dentures; concomitantly, we aimed to describe the perceived
chewing ability and chewing satisfaction in adults of different ages and finally to examine the
association of perceived chewing ability and food choices in adults (Figure 1).
Figure 1. Research Logic Model.

The hypotheses guiding the research were the following:
H1: Perceived chewing ability varies in persons with or without wearing dentures
H2: Chewing ability decreases in adults 65 years and older
H3: Perceived chewing ability impacts food choices
Methods
Research Design
The approach taken in this study was descriptive cross-sectional. The purpose was to
collect self-reported health data and identify characteristics of the population that attend to dental
care. A self-administered survey was distributed to patients in the waiting area at the Advanced
Education in General Dentistry (AEGD) residency clinic at the University of Connecticut School
of Dental Medicine between February and March 2019.

7

The AEGD Dental Clinic services includes general dentistry, screening clinic and dental
emergency. The clinic is located at the University of Connecticut Health Center (UConn Health)
at Farmington campus and serves patient’s demographics comprised of 83% White, 11% African
American, 2% Asian, and 4% Other 1. A study flyer (Appendix A) was designed and posted in
the waiting area of Main Dental Clinic with information regarding the research and invitation for
participation.
Eligible subjects were male and female adult patients over 18 years old that attended for
dental appointments at UConn School of Dental Medicine in Farmington. Inclusion criteria
involved ability to provide consent for participation and ability to read and write the English
language. For the purpose of this study we were interested in the individual as the unit of analysis
to understand behavior and oral health.
A total of 48 patients were recruited into the study through convenience sampling. We
targeted 24 dentures wearers and 24 non denture wearers. From 48 surveys obtained, only 40
were considered complete and were included for the study.
Survey Instrument
A survey instrument was designed applying questions from the National Health and
Nutrition Examination Survey, the Oral Health Questionnaire for Adults by the WHO and
previous surveys developed in this field. 9,13,54 The survey consisted of 20 questions that collected
demographic, general health, denture status, chewing ability and satisfaction information from
respondents (Appendix C). The survey was designed to take approximately five to ten minutes to
complete. Participation was voluntary and no compensation was offered. Each survey had a cover
letter with information about the study and instructions for participants (Appendix B). No

1

https://health.uconn.edu/graduate-medical-education/patient-population/
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personal identifiers were asked for the survey and only the investigators had access to the
completed surveys and the data remained in safe lockers and desks at all times.
The administration of a research survey has been used in past studies to gather information
about chewing ability and nutritional habits.5,46,54,55 Over the years, several authors have assessed
the validity of self-reported oral health responses, concluding that self-reports a valid measure,
although the accuracy of data varies with the degree of specificity required; the more specific the
question, the less accuracy of answers provided. 57–59
The study protocol and survey were compliant with the UConn Health Institutional
Review Board (IRB) and classified as exempt under the Category 2 (research that only includes
interactions involving educational tests (cognitive, diagnostic, aptitude, achievement), survey
procedures, interview procedures or observations of public behavior 2.
Variables
The key independent variable in the study was the use of dentures. The dependent
variables assessed were chewing ability and food choices. Covariates were age, number of teeth,
education, race or ethnicity, hypertension, diabetes and smoking status.
Denture status was assessed by asking participants whether they had dentures and, if so,
which type (upper and lower complete dentures, upper and lower partial dentures or combinations
between those type of dentures).
Chewing ability and satisfaction with or without dentures were assessed by the two
questions below scored from 1 to 7 (validated in previous studies by Gilbert et al24 and Tsakos55),
to represent the degree of comfort and satisfaction respectively:
1. How comfortable are your dentures when you bite and chew?

2

https://ovpr.uconn.edu/services/rics/irb/submission-process/
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Extremely uncomfortable, very uncomfortable, Somewhat uncomfortable, neutral,
somewhat comfortable, very comfortable, extremely comfortable.
2. What is your overall chewing satisfaction?
Extremely dissatisfied, very dissatisfied, somewhat dissatisfied, neutral, somewhat satisfied,
very satisfied, extremely satisfied.
A five-point Likert scale was used to assess the difficulty chewing including nine
categories of common foods, previously used in studies by Allen et al42, Sheiham & Steele 9,
Tsakos et al55:
o Raw vegetables such as carrots, broccoli, celery, kale, peppers.
o Starchy vegetables such as potato, sweet potato, squash.
o Cooked vegetables (boiled, canned).
o Meats such as steak, chicken, lamb.
o Fresh fruits such as apples, pears, strawberries, peaches.
o Canned or processed fruits.
o Dried nuts such as almonds, peanuts, walnuts.
o Beans such as black beans, chickpeas, pinto beans, lentils.
o Bread such as crusty bread, toasts, bagels.
Statistical analysis
Data analysis started with the input of all survey responses into an Excel datasheet file,
coding and assigning numbers for easier calculation. Each variable was analyzed by denture status
using frequencies and percentages for ordinal/categorical variables and mean and standard
deviation for continuous variables. Groups with denture and without denture were compared with
respect to each variable by Fisher’s exact test for categorical variables and by Wilcoxon rank-

10

sum test for ordinal and continuous variables. Food choices and denture status were compared
using a linear regression model. A p-value smaller than 0.05 was deemed to be statistically
significant. All the statistical analyses were performed in R 3.5.0.
Results
A total of 48 surveys were returned by patients in the dental clinic. Eight surveys were
removed due to missing key data, 40 completed surveys were included in the analysis, including
20 from denture wearers and 20 from non-denture wearers.

As shown in Table 1, 55%

participants were women and 40% of the sample were 65 or older, 30% between 50 to 64 years
old, 30% were 30 years or younger. Regarding race and ethnicity, 65% of respondents were white,
15% black or African American and 12% Hispanic or Latinos (Table 1). The majority (68%) of
respondents from the survey reported having at least some college education (45%).
Thirty eight percent of participants reported having public insurance, 36% were uninsured, and
25% reported either employee sponsored or private insurance. Forty percent of respondents said
they had hypertension and 20% presented with diabetes. One in five participants reported being
smokers.
More than half (55%) of participants that reported denture use were 65 years and older
(Table 2). Of those who reported denture use, half were female. Thirty seven percent reported
public insurance and 37% being uninsured. Regarding education and denture status, 55% of those
with dentures reported having at least some college.
The majority (60%) of those with dentures have less than 9 teeth. Forty five percent of
denture users had hypertension and 30% diabetes. No statistical difference was found between
groups except for education level (p= .043) and number of teeth (p<0.001) (Table 2).

11

Table1. Demographic and Health Characteristics

Table 1. Demographic and Health
of DentalCharacteristics
Clinic Participants of Dental Clinic Participants
Question
Age

Total Sample (n=40)
18-29
30-49
50-64
65 older

1 (2%)
11 (28%)
12 (30%)
16 (40%)

F
M

22 (55%)
18 (45%)

Hispanic
Black african
White
American Indian
Asian
Native Hawaiian
Two or more races
Education
Less than high school
High school
Some college
College graduate
Graduate school
Type of Dental Insurance
Medicaid
Employee sponsored
Private
Uninsured
Hypertension
Y
N
Diabetes Mellitus
Y
N
Smoking Status
Non smoker
Smoker
Former smoker
Number of teeth
No teeth
1 to 9 teeth
10 to 19 teeth
20 or more teeth

5 (12%)
6 (15%)
26 (65%)
0 (0%)
2 (5%)
0 (0%)
1 (2%)

Gender

Race/Ethnicity

12

1 (2%)
12 (30%)
18 (45%)
2 (5%)
7 (18%)
15 (38%)
6 (15%)
4 (10%)
14 (36%)
16 (40%)
24 (60%)
8 (20%)
32 (80%)
20 (50%)
10 (25%)
10 (25%)
7 (18%)
6 (15%)
14 (35%)
13 (32%)

Table 2. Characteristics of Participants by Denture Status
Question
Age

With Denture (n=20)

No Denture (n=20) p-values
0.108
0%
5%
25%
30%
20%
40%
55%
25%
0.751
50%
12%
50%
40%
0.327
5%
20%
15%
15%
70%
60%
0%
0%
10%
0%
0%
0%
0%
5%
0.043
0%
5%
45%
15%
45%
45%
5%
5%
5%
30%
0.089
37%
40%
5%
25%
21%
0%
37%
35%
0.748
45%
35%
55%
65%
0.235
30%
10%
70%
90%
0.915
45%
55%
25%
25%
30%
20%
< 0.001
35%
0%
25%
5%
40%
30%
0%
65%

18-29
30-49
50-64
65 older
Gender
F
M
Race/Ethnicity
Hispanic
Black african
White
American Indian
Asian
Native Hawaiian
Two or more races
Education
Less than high school
High school
Some college
College graduate
Graduate school
Type of Dental Insurance
Medicaid
Employee sponsored
Private
Uninsured
Hypertension
Y
N
Diabetes Mellitus
Y
N
Smoking Status
Non smoker
Smoker
Former smoker
Number of teeth
No teeth
1 to 9 teeth
10 to 19 teeth
20 or more teeth
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Among denture wearers, the most common type of denture found were the combination
of complete upper and complete lower denture (35%), (Figure 2). Only three (2%) respondents
reported having implant supported dentures and only one reported to be extremely comfortable
with his/her dentures and felt neutral about chewing satisfaction. Sixty percent of denture users
reported having the denture for one year or more, 20% from 3 to 6 months, 15% for 6 months to
1 year and only 5% having dentures for less than 1 month. When asked about their denture
comfort, 45% reported being “somewhat uncomfortable” and 35% “very uncomfortable” (Figure
3).
Figure 2. Distribution of Type of Dentures

14

Figure 2. Distribution of Perceived Denture Comfort

When participants were asked for reason for dissatisfaction with chewing, missing teeth
was the most common response (40%), followed by ill-fitting dentures (20%). Other less popular
reasons were painful teeth (12%) and gum pain (12%). Denture status was significantly associated
with number of teeth (p<0.001) and education (p=0.043) (Table 2). Patients with no dentures had
higher level of education and more teeth. Avoiding foods and making food choices based on
chewing ability was reported by 68% of the participants (Table 4).
Chewing satisfaction and difficulty chewing foods were highly correlated (Pearson
correlation coefficient = 0.81). Both were significantly associated with denture status by
Wilcoxon rank sum test with no adjustment for other covariates (p-values = 0.015) (Table 3).
Those with dentures reported more difficulty with all food types.
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Table 3. Chewing Satisfaction and Difficulty Chewing Foods by Denture Status

Chewing satisfaction
Difficulty level chewing
Raw vegetables such as
carrots, broccoli, celery,
kale, peppers.
Starchy vegetables such as
potato, sweet potato,
squash
Cooked vegetables (boiled,
canned)
Meats such as steak,
chicken, lamb.
Fresh fruits such as apples,
pears, strawberries,
peaches.
Canned or processed fruits
Dried nuts such as
almonds, peanuts, walnuts
Beans such as black beans,
chickpeas, pinto beans,
lentils
Bread such as crusty bread,
toasts, bagels

With Denture
(20)
2.8 ± 1.44

No Denture
Total
(20)
(40)
4.45 ± 2.19
3.62 ± 2.01

1.9 ± 0.79

3.35 ± 1.53

2.62 ± 1.41

0.003

3.7 ± 0.8

4.1 ± 0.97

3.9 ± 0.9

0.143

3.7 ± 0.92

4.15 ± 0.88

3.92 ± 0.92

0.143

2.25 ± 1.12

3.35 ± 1.46

2.8 ± 1.4

0.019

2.45 ± 1.28
3.6 ± 0.99

3.45 ± 1.28
4.15 ± 0.88

2.95 ± 1.36
3.88 ± 0.97

0.018
0.089

1.85 ± 1.23

3.2 ± 1.4

2.52 ± 1.47

0.002

3.45 ± 0.89

4.1 ± 0.97

3.77 ± 0.97

0.035

2.6 ± 1.1

3.4 ± 1.43

3 ± 1.32

0.076

p-value
0.015

More difficulty chewing raw vegetables, meats, fruits such as apples, nuts and crusty
breads was significantly associated with denture status and some remained statistically significant
after adjusting for education in a linear regression model (p<0.05). As seen in Table 4, 95% of
participants with dentures reported avoidance of foods and making food decisions based on
chewing ability. The differences found for both questions between the two groups were
statistically significant (p-value <0.001). Moreover, making food decisions and avoiding certain
foods based on chewing ability were not associated with age (p-value = 0.561) but were associated
with number of teeth (p-value < 0.001).
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Table 4. Food Choices and Food Avoidance by Denture Status
With
No
Denture Denture
(20)
(20)
Do you make food choices based
on you chewing ability?
YES
NO
Do you avoid foods because
chewing/biting them is difficult?
YES
NO

Total
(40)

p value
< 0.001

95%
5%

40%
60%

68%
32%

95%
5%

40%
60%

68%
32%

< 0.001

Discussion
In this study, associations between a self-perceived chewing ability and food avoidance
were found in adults with or without dentures. Similar results have been found by Altenhoevel et
al3, Baumgarten et al26, Khalifa et al20, Zhang et al15. Making food decisions and avoiding certain
foods based on chewing ability were not associated with age but they were associated with a
greater number of teeth. According to Sheiham and Steele’s 9 findings, perceived chewing ability
increased with increasing number of teeth. It is likely that in our study denture status is a mediator
in the association between number of teeth and chewing ability.
The patient’s demographic obtained in the survey is representative for the dental clinic
were the study was conducted. The majority of respondents being White, followed by Black and
Hispanic minorities. Our results cannot be generalized to the overall American population. There
is lack of information in the literature regarding denture status and chewing ability by racial
groups. In terms of edentulism, data analysis from the National Health and Nutrition Examination
Survey of 2011–2012, reported that among adults aged 65 and over, complete tooth loss was
lower for older Hispanic (15%) and non-Hispanic white (17%) adults compared with older nonHispanic black adults (29%). Some authors have explored edentulism and diet, such as study in a
17

biracial community found that edentulism was more strongly linked to dietary intake in whites
than in blacks. 45
Complete dentures were the most frequent type of denture found in this study, followed
by upper partial denture. This trend is consistent with studies by Savoca et al60 and Inukai et al.
19

. It is important to take into account that the number of teeth missing will determine the type of

denture, therefore persons with no teeth will require complete dentures. The most frequent reasons
for chewing dissatisfaction were missing teeth and ill-fitting dentures. This finding is consistent
with studies by Altenhoevel et al3 and Baran et al62. Additionally, patients wearing dentures were
more likely to make food choices based on their chewing ability and avoid certain foods because
chewing/biting them is difficult. Baumgarten et al, 26 found that adults and older individuals who
wear unadjusted prostheses prefer foods with a softer consistency and have a higher prevalence
of experiencing inadequate chewing.
It has been reported in previous studies 41,42,61 that prostheses that are retained on implants
offer the possibility of overcoming some of the limitations of conventional dentures in terms of
chewing efficiency. However, despite reporting improvement in satisfaction in regard to comfort
and ability to chew foods, around 50% of persons with implant supported dentures still avoided
eating foods such as carrots and apples.

42

Apparently successful prosthetic rehabilitation does

not necessarily result in improved diet. Since our results for implant supported dentures where
not significant, further studies with larger samples including implant supported dentures are
required in order to understand this relationship.
Education was found to be significantly associated with denture status. Patients with no
dentures tended to have more education and more teeth. Concomitantly, chewing ability measured
by chewing satisfaction and by difficulty chewing foods were significantly associated with
18

denture status and education. Similar to findings by Savoca et al,

60

persons who avoided the

most foods were more often those with lower education and income. Education and other
socioeconomic variables are intrinsically connected with oral health status;

32,33

hence the

significant association of education with dentures and total number of teeth. Perhaps those with
more education will have more resources to prevent tooth loss and avoid requiring dentures.
The present study found that the majority of denture wearers were 65 years or older.
Chewing satisfaction, food decisions and avoiding certain foods based on chewing ability were
not associated with age but were associated with number of teeth. This finding differs to multiple
studies in this field where increased age is associated with a greater likelihood of difficulty in
chewing. 6,7,26,30,31 In our study, adults with fewer teeth regardless of age seem to experience less
chewing satisfaction, although the small sample size could explain the lack of a statistical finding.
According to Baumgarten et a,l26 aging process leads to changes both neurological and
anatomical and may result in decreased neuromuscular activity, reflexes, sensitivity and saliva
production. The oral health of the elderly also has a great influence, being strongly related to the
presence of cavities, periodontitis, xerostomia, tooth loss and/or unadjusted prostheses.
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Difficulties in chewing, discomforts with dentures as well as ill-fitting dentures of poor quality
are common among the elderly. 3
More difficulty chewing raw vegetables, meats, fruits such as apples, nuts and crusty
breads was found to be significantly associated with denture status. There was a tendency for
persons with dentures to consume fewer fruits and raw vegetables. Despite the fact that we
provided a standard list of foods used in previous studies in this field, 13,55,63 we should take into
account that personal and cultural differences could affect responses to food related questions.
Answers to open- ended question “please specify foods you avoid because eating them is
19

difficult” were inconclusive due to the large amount of missing data, nonetheless, eight of the 21
who did respond, reported avoiding steak, apples, vegetables and granola.
Improvements to the diets of older adults through prosthodontic treatment and preventing
tooth loss have been reported. 9,22,42 Goel et al.52 concluded that improvement in diet was highest
in rehabilitated completely edentulous participants followed by participants with partial dentures.
Moreover, it has been also reported that tooth loss and type of prosthesis do not affect the
acceptability of food. 35,64 In studies of nutrition in adult populations adults who wear partial and
complete dentures have a diet lacking in fiber and vitamins. 55,63,65 The reasons for this are thought
to be difficulty in chewing raw vegetables and fruits. They also reported that those with severe
tooth loss had the lowest dietary quality and avoided the most foods. 26 In our study we did not
assess nutritional status of participants, therefore no assumptions can be made about nutrition.
However, the intrinsic relationship of nutrition and food choices has been well documented in
previous studies. 48,55 Further studies assessing the relationship of dentures, nutrition and chronic
health conditions should be considered.
Study Limitations
The main limitation of this study was the sample size being small and the patient
population being from a single clinic. We also should account for the possible role of confounders
in the hypothesized associations, especially demographics. Due to the distribution of racial groups
in the study, the results are not generalizable to the U.S. population. The survey was distributed
only in English, preventing those with other languages to participate. Additionally, cultural
differences and dietary behaviors could also be potential confounders in this type of study.
Assessment of clinical factors that could potentially impact perceived chewing ability,
such as occlusion, dry mouth and temporomandibular joint disorders were not evaluated in this
20

study. We recommend designing a research model that includes clinical assessment to fully
understand the variables implicated in chewing ability. Education seems to be a factor intrinsically
related to denture status and oral health; we recommend expanding the research accounting for
socio-economic variables. Further studies with larger samples and longitudinal assessment for
nutritional status with or without use of dentures are necessary to understand the impact of
perceived chewing ability in health.
Conclusion
This study aimed to assess chewing ability in adults of different ages with or without
dentures and describe the impact on food choices. Chewing ability and perceived difficulty on
chewing raw vegetables, fruits such as apples, pears, meat, nuts and crusty bread were
significantly associated with denture status. Avoidance of foods and food choices were not
associated with age but with the total number of teeth present in the mouth. Denture wearers
reported more difficulty chewing all food types and also reported avoidance of foods. We found
a significant association between education and denture status. Patients without dentures tended
to have more education and more teeth. Socioeconomic determinants seem to play a role in
denture status and should be taken into consideration for further studies.
Given that aging is a natural process, the preservation of healthy remaining teeth plays an
important role in the maintenance of masticatory function of the middle-aged and elderly
population. Perceived chewing ability is an important factor in enabling adults to consume diverse
foods and perhaps improve their nutrition. It is clear that denture status impacts chewing ability
and food choices potentially affecting nutrition and, therefore physical health. Preventing tooth
loss and improving chewing ability are essential to attain a better quality of life. Furthermore,
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results from this study enhance the importance of education programs to improve oral health
behaviors and prevention of tooth loss.
Findings from this study confirm that clinicians must improve the assessment and
management of patients with chewing difficulty. The role of dental professionals in preventative
dentistry, oral health education and addressing problems with dentures relies on the
implementation of best practices in dentistry adapted to the needs of the population at risk. Public
health interventions in this area require participation of diverse health disciplines such as nutrition
and medicine to aid in providing patients with dietary recommendations and nutritional guidance.

22

References
1.

Lee IC, Yang YH, Ho PS, Lee IC. Chewing ability, nutritional status and quality of life. J
Oral Rehabil. 2014;41(2):79-86. doi:10.1111/joor.12115

2.

Locker D, Matear D, Stephens M, Jokovic A. Oral health-related quality of life of a
population of medically compromised elderly people. Community Dent Health.
2002;19(2):90-97. http://www.ncbi.nlm.nih.gov/pubmed/12146588. Accessed March 29,
2019.

3.

Altenhoevel A, Norman K, Smoliner C, Peroz I. The impact of self-perceived masticatory
function on nutrition and gastrointestinal complaints in the elderly. J Nutr Heal Aging.
2012;16(2):175-178. doi:10.1007/s12603-011-0342-8

4.

Bailey RL, Harris Ledikwe J, Smiciklas-Wright H, Mitchell DC, Jensen GL. Persistent oral
health problems associated with comorbidity and impaired diet quality in older adults. J
Am Diet Assoc. 2004;104(8):1273-1276. doi:10.1016/j.jada.2004.05.210

5.

Brennan DS, Spencer AJ, Roberts-Thomson KF. Tooth loss, chewing ability and quality
of life. Qual Life Res. 2008;17(2):227-235. doi:10.1007/s11136-007-9293-2

6.

Savoca MR, Arcury TA, Leng X, et al. Severe tooth loss in older adults as a key indicator
of

compromised

dietary

quality.

Public

Health

Nutr.

2010;13(4):466-474.

doi:10.1017/S1368980009991236
7.

Müller F, Shimazaki Y, Kahabuka F, Schimmel M. Oral health for an ageing population:
the importance of a natural dentition in older adults. Int Dent J. 2017;67:7-13.
doi:10.1111/idj.12329

8.

Petersen PE, Yamamoto T. Improving the oral health of older people: the approach of the
WHO Global Oral Health Programme. Community Dent Oral Epidemiol. 2005;33(2):8192. doi:10.1111/j.1600-0528.2004.00219.x

9.

Sheiham A, Steele J. Does the condition of the mouth and teeth affect the ability to eat
certain foods, nutrient and dietary intake and nutritional status amongst older people?
Public Health Nutr. 2001;4(03):797. doi:10.1079/PHN2000116
23

10.

Petersen, Kandelman, Arpin O. Global Oral Health of older people - Call for Public Health
action. Community Dent Health. 2016;33(1):9-14. doi:10.1922/CDH

11.

Wallace S, Samietz S, Abbas M, McKenna G, Woodside J V., Schimmel M. Impact of
prosthodontic rehabilitation on the masticatory performance of partially dentate older
patients: Can it predict nutritional state? Results from a RCT. J Dent. 2018;68(November
2017):66-71. doi:10.1016/j.jdent.2017.11.003

12.

Hung HC, Colditz G, Joshipura KJ. The association between tooth loss and the selfreported intake of selected CVD-related nutrients and foods among US women.
Community

Dent

Oral

Epidemiol.

2005;33(3):167-173.

doi:10.1111/j.1600-

0528.2005.00200.x
13.

Nowjack-Raymer RE, Sheiham A. Association of edentulism and diet and nutrition in US
adults. J Dent Res. 2003;82(2):123-126. doi:10.1177/154405910308200209

14.

Nowjack-Raymer RE, Sheiham A. Numbers of Natural Teeth , Diet , and Nutritional
Status. J Dent Res. 2007;86(12):1171-1175. doi:10.1177/154405910708601206

15.

Zhang Q, Witter DJ, Bronkhorst EM, Creugers NHJ. Chewing ability in an urban and rural
population over 40 years in Shandong Province, China. Clin Oral Investig.
2013;17(5):1425-1435. doi:10.1007/s00784-012-0822-1

16.

Samnieng P, Ueno M, Shinada K, Zaitsu T, Wright FAC, Kawaguchi Y. Oral health status
and chewing ability is related to mini-nutritional assessment results in an older adult
population

in

Thailand.

J

Nutr

Gerontol

Geriatr.

2011;30(3):291-304.

doi:10.1080/21551197.2011.591271
17.

Ali Z, Baker SR, Shahrbaf S, Martin N, Vettore M V. Oral health-related quality of life
after prosthodontic treatment for patients with partial edentulism: A systematic review and
meta-analysis. J Prosthet Dent. 2018. doi:10.1016/j.prosdent.2018.03.003

18.

Joshipura KJ, Ascherio A, Manson JE, et al. Fruit and vegetable intake in relation to risk
of

ischemic

stroke.

JAMA.

1999;282(13):1233-1239.

http://www.ncbi.nlm.nih.gov/pubmed/10517425. Accessed October 14, 2018.
19.

Inukai M, John MT, Igarashi Y, Baba K. Association between perceived chewing ability
24

and oral health-related quality of life in partially dentate patients. Health Qual Life
Outcomes. 2010;8(1):118. doi:10.1186/1477-7525-8-118
20.

Khalifa N, F. Allen P, H. Abu-bakr N, E. Abdel-Rahman M. Chewing ability and
associated factors in a Sudanese population. J Oral Sci. 2013;55(4):349-357.
doi:10.2334/josnusd.55.349

21.

McGarry TJ, Nimmo A, Skiba JF, et al. Classification system for partial edentulism. J
Prosthodont. 2002;11(3):181-193. doi:10.1053/jopr.2002.126094

22.

Gupta A, Felton DA, Jemt T, Koka S. Rehabilitation of Edentulism and Mortality: A
Systematic Review. J Prosthodont. 2018. doi:10.1111/jopr.12792

23.

Jahangiri L, Choi M, Moghadam M, Jawad S. Interventions for missing teeth: Removable
prostheses for the edentulous mandible. Cochrane Database Syst Rev. 2015;2015(2).
doi:10.1002/14651858.CD011544

24.

Gilbert GH, Meng X, Duncan RP, Shelton BJ. Incidence of tooth loss and prosthodontic
dental care: Effect on chewing difficulty onset, a component of oral health-related quality
of life. J Am Geriatr Soc. 2004;52(6):880-885. doi:10.1111/j.1532-5415.2004.52253.x

25.

Paphangkorakit J, Chaiyapanya N, Sriladlao P, Pimsupa S. Determination of chewing
efficiency

using

muscle

work.

Arch

Oral

Biol.

2008;53(6):533-537.

doi:10.1016/j.archoralbio.2007.12.014
26.

Baumgarten A, Schimidt J, Rech R, Hilgert J, Goulart B. Dental status, oral prosthesis and
chewing ability in an adult and elderly population in southern Brazil. Clinics.
2017;72(11):681-685. doi:10.6061/clinics/2017(11)06

27.

Baker SR. Testing a Conceptual Model of Oral Health : a Structural. J Dent Res. 2007:708712. doi:10.1177/154405910708600804

28.

Locker D. Measuring oral health: a conceptual framework. Community Dent Health.
1988;5(1):3-18. http://www.ncbi.nlm.nih.gov/pubmed/3285972. Accessed October 13,
2018.

29.

Martino S. Oral health behavioral and social intervention research concepts and methods.
25

J Public Health Dent. 2011;71(SUPPL. 1):1-7. doi:10.1111/j.1752-7325.2011.00217.x
30.

Iwasaki M, Taylor GW, Manz MC, et al. Oral health status: Relationship to nutrient and
food intake among 80-year-old Japanese adults. Community Dent Oral Epidemiol.
2014;42(5):441-450. doi:10.1111/cdoe.12100

31.

Hsu KJ, Yen YY, Lan SJ, Wu YM, Chen CM, Lee HE. Relationship between remaining
teeth and self-rated chewing ability among population aged 45 years or older in Kaohsiung
City,

Taiwan.

Kaohsiung

J

Med

Sci.

2011;27(10):457-465.

doi:10.1016/j.kjms.2011.06.006
32.

Newton JT, Bower EJ. The social determinants of oral health: New approaches to
conceptualizing and researching complex causal networks. Community Dent Oral
Epidemiol. 2005;33(1):25-34. doi:10.1111/j.1600-0528.2004.00190.x

33.

Watt RG, Listl S, Peres M, Heilmann A. Social Inequalities in Oral Health: From Evidence
to Action.; 2015. www.lathwell.com. Accessed August 21, 2018.

34.

Thomson WM. Social inequality in oral health. Community Dent Oral Epidemiol.
2012;40:28-32. doi:10.1111/j.1600-0528.2012.00716.x

35.

Osterberg T, Tsuga K, Rothenberg E, Carlsson GE, Steen B. Masticatory ability in 80year-old subjects and its relation to intake of energy, nutrients and food items.
Gerodontology.

2002;19(2):95-101.

http://www.ncbi.nlm.nih.gov/pubmed/12542218.

Accessed March 30, 2019.
36.

Merchant AT. Losing teeth leads to an unhealthy diet associated with cardiovascular
disease

risk.

J

Evid

Based

Dent

Pract.

2006;6(2):187-188.

doi:10.1016/j.jebdp.2006.04.002
37.

Marques TCN, Sarracini KLM, Cortellazzi KL, et al. The impact of oral health conditions,
socioeconomic status and use of specific substances on quality of life of addicted persons.
BMC Oral Health. 2015;15(1). doi:10.1186/s12903-015-0016-8

38.

Del Brutto OH, Mera RM, Del Brutto VJ, Zambrano M, Montenegro JE, Castillo PR.
Edentulism associates with poor cardiovascular health. Results from the Atahualpa Project.
Int J Cardiol. 2014;176(3):1013-1014. doi:10.1016/j.ijcard.2014.07.083
26

39.

Emami E, Souza RF De, Kabawat M, Feine JS. The Impact of Edentulism on Oral and
General Health. 2013;2013.

40.

Journal of Oral Maxillofacial Surgery. Introduction to Implant Dentistry: A Student Guide.
J Oral Maxillofac Surg. 2017;75(2). www.joms.org. Accessed March 30, 2019.

41.

Martínez-Lage-Azorín JF, Segura-Andrés G, Faus-López J, Agustín-Panadero R.
Rehabilitation with implant-supported overdentures in total edentulous patients: A review.
J Clin Exp Dent. 2013;5(5):e267-72. doi:10.4317/jced.50817

42.

Allen F, McMillan A. Food selection and perceptions of chewing ability following
provision of implant and conventional prostheses in complete denture wearers. Clin Oral
Implants Res. 2002;13(3):320-326. doi:10.1034/j.1600-0501.2002.130313.x

43.

U.S. Department of Health and Human Services. Oral Health in America: A Report of the
Surgeon

General.

Rockville,

MD;

2000.

https://profiles.nlm.nih.gov/ps/access/NNBBJT.pdf. Accessed July 2, 2018.
44.

Caswell JA, Yaktine AL, Allotments C on E of the A of FR and S, et al. Supplemental
Nutrition Assistance Program. National Academies Press (US); 2013. doi:10.17226/13485

45.

Lee JS, Weyant RJ, Corby P, et al. Edentulism and nutritional status in a biracial sample
of well-functioning, community-dwelling elderly: The Health, Aging, and Body
Composition Study. Am J Clin Nutr. 2004;79(2):295-302. doi:10.1093/ajcn/79.2.295

46.

Bradbury J, Thomason JM, Jepson NJA, et al. Perceived chewing ability and intake of fruit
and vegetables. J Dent Res. 2008;87(8):720-725. doi:10.1177/154405910808700815

47.

Mann T, Heuberger R, Wong H. The association between chewing and swallowing
difficulties and nutritional status in older adults. Aust Dent J. 2013;58(2):200-206.
doi:10.1111/adj.12064

48.

Aune D, Giovannucci E, Boffetta P, et al. Fruit and vegetable intake and the risk of
cardiovascular disease, total cancer and all-cause mortality—a systematic review and doseresponse meta-analysis of prospective studies. Int J Epidemiol. 2017;46(3):1029-1056.
doi:10.1093/ije/dyw319

27

49.

Leake JL. An index of chewing ability. J Public Health Dent. 1990;50(4):262-267.
http://www.ncbi.nlm.nih.gov/pubmed/2202825. Accessed January 4, 2019.

50.

Agerberg G, Carlsson GE. Chewing Ability in Relation to Dental and General Health. Acta
Odontol Scand. 1981;39(3):147-153. doi:10.3109/00016358109162273

51.

McGrath C, Chan B. Oral health sensations associated with illicit drug abuse. Br Dent J.
2005;198(3):159-162. doi:10.1038/sj.bdj.4812050

52.

Goel K, Singh S V., Chand P, et al. Impact of Different Prosthodontic Treatment
Modalities on Nutritional Parameters of Elderly Patients. J Prosthodont. 2016;25(1):2127. doi:10.1111/jopr.12283

53.

Yoshida M, Kikutani T, Yoshikawa M, Tsuga K, Kimura M, Akagawa Y. Correlation
between dental and nutritional status in community-dwelling elderly Japanese. Geriatr
Gerontol Int. 2011;11(3):315-319. doi:10.1111/j.1447-0594.2010.00688.x

54.

Suzuki K, Nomura T, Sakurai M, Sugihara N, Yamanaka S, Matsukubo T. Relationship
between Number of Present Teeth and Nutritional Intake in Institutionalized Elderly. Bull
Tokyo Dent Coll. 2005;46(4):135-143. doi:10.2209/tdcpublication.46.135

55.

Tsakos G, Herrick K, Sheiham A, Watt RG. Edentulism and fruit and vegetable intake in
low-income adults. J Dent Res. 2010;89(5):462-467. doi:10.1177/0022034510363247

56.

Bhattacherjee A. Social Science Research: Principles, Methods, and Practices.; 2012.
http://cenfetelli.net/C525/Social_Science_Research_Anol_Bhattacherjee.pdf.

57.

Douglass CW, Berlin J, Tennstedt S. The Validity of Self reported Oral Health Status in
the

Elderly.

J

Public

Health

Dent.

1991;51(4):220-222.

doi:10.1111/j.1752-

7325.1991.tb02218.x
58.

Meng X, Gilbert GH. Predictors of change in satisfaction with chewing ability: A 24-month
study of dentate adults. J Oral Rehabil. 2007;34(10):745-758. doi:10.1111/j.13652842.2006.01701.x

59.

Trovik TA, Berge TI. Do tooth gaps matter? Evaluation of self-assessments: A pilot study.
J Oral Rehabil. 2007;34(11):814-820. doi:10.1111/j.1365-2842.2007.01778.x
28

60.

Savoca MR, Arcury TA, Leng X, et al. Impact of Denture Usage Patterns on Dietary
Quality and Food Avoidance among Older Adults. J Nutr Gerontol Geriatr. 2013;30(1):115. doi:10.1080/01639366.2011.545043.Impact

61.

Bortolini S, Natali A, Franchi M, Coggiola A, Consolo U. Implant-Retained Removable
Partial Dentures: An 8-Year Retrospective Study. J Prosthodont. 2011;20(3):168-172.
doi:10.1111/j.1532-849X.2011.00700.x

62.

Baran I, Nalcaci R. Self-reported problems before and after prosthodontic treatments
according to newly created Turkish version of oral health impact profile. Arch Gerontol
Geriatr. 2011;53(2). doi:10.1016/j.archger.2010.07.002

63.

Hung H-C, Willett W, Ascherio A, Rosner BA, Rimm E, Joshipura KJ. Tooth loss and
dietary

intake.

J

Am

Dent

Assoc.

2003;134(9):1185-1192.

doi:10.14219/jada.archive.2003.0353
64.

Suzuki J, Mittal L, Woo S-B. Sublingual buprenorphine and dental problems: a case series.
Prim care companion CNS Disord. 2013;15(5). doi:10.4088/PCC.13l01533

65.

Iwasaki M, Yoshihara A, Ogawa H, et al. Longitudinal association of dentition status with
dietary intake in Japanese adults aged 75 to 80 years. J Oral Rehabil. 2016;43(10):737744. doi:10.1111/joor.12427

29

Appendix A. Flyer

30

Appendix B. Survey Cover Letter

Appendix B Survey

31

Appendix C. Survey

32

33

34

35

36

